suMMary the purpose of this study was to adjust equations that establish relationships between rainfall events with different duration and data from weather stations in the state of santa catarina, Brazil. in this study, the relationships between different duration heavy rainfalls from 13 weather stations of santa catarina were analyzed. From series of maximum annual rainfalls, and using the Gumbel-chow distribution, the maximum rainfall for durations between 5 min and 24 h were estimated considering return periods from 2 to 100 years. the data fit to the Gumbel-chow model was verified by the Kolmogorov-smirnov test at 5 % significance. the coefficients of Bell's equation were adjusted to estimate the relationship between rainfall duration t (min) and the return period t (y) in relation to the maximum rainfall with a duration of 1 hour and a 10 year return period. likewise, the coefficients of Bell's equation were adjusted based on the maximum rainfall with a duration of 1 day and a 10 year return period. the results showed that these relationships are viable to estimate short-duration rainfall events at locations where there are no rainfall records. 
introDuction Knowledge on rainfall characteristics allows a safe planning and determination of the dimensions of soil conservation structures such as terraces and contour farming. likewise, the dimensions of hydraulic structures to retain or channel surface runoff after heavy rain, e.g., drainage channels, gullies, retention basins and others are determined based on the maximum rainfall intensity with a certain probability of being equaled or exceeded and defined by the return period. the dimensions of surface drainage works are determined by adopting values of rainfall events that occur with return periods between 5 and 100 years to design rainfall. to obtain these rains, the annual maximum series observed in more than 10 years is generally used and theoretical probability distributions are adjusted to estimate the maximum rainfall with a given return period or probability of being equaled or exceeded. For heavy rainfall events, several studies showed that the Gumbel distribution adjusts well and has therefore been widely used, although a series of annual maximum values must be available for its application (Kite, 1978; Back, 2001) . in drainage projects, it is often necessary to obtain the intensity of short-duration rainfall, usually shorter than one day. typically, the rainfall intensity is estimated based on intensity-Duration-Frequency (iDF) relationships of rainfall events. in this sense, for locations with rainfall data, it is tried to adjust heavy rainfall equations, also called iDF equations, as in the studies of Fendrich (1998 ), costa & Brito (1999 ), oliveira et al. (2000 ), silva et al. (2002 , Back (2002) , and Bazzano et al. (2007) . iDF relationships are obtained by statistical analyses of long data series from rain gauges. in Brazil, it is relatively easy to obtain 1 day rainfall data. shorter rainfalls are however rarely recorded, due to the lack of measuring equipment and when available, the measurement series are relatively short and contain numerous data errors. lima et al. (2005), oliveira et al. (2008), cassol et al. (2008) , and Back (2009) report the lack of long series of precipitation data, mainly of rainfall. Bell (1969) established empirical relationships between rainfall events with different durations based on partial data series of rain in the usa, australia, ussr, puerto rico, alaska, south africa, and hawaii. the theoretical basis of this study is the existence of similarity between the mechanisms of these rainfall events. the maximum value of these rainfall events is associated to convective cells that have similar characteristics in many parts of the world and for this reason Bell´s equation is used to estimate maximum precipitation within the specified limits. Bell´s work is a classic of the field, but somewhat restricted, e.g., by the fact that the equations were obtained from rainfall data from several parts of the world, so that their results are based on averages rather than specific values for a location. a second limitation of Bell's method is that the value of maximum rainfall obtained is valid only for durations from 5 to 120 min, and a third is the need to know the maximum 1 h rainfall and 10 year return period, which requires data from a rain-gauge station. uehara et al. (1980) adjusted the coefficients of Bell's equation for Brazil and for são paulo state. these equations are limited by the fact that they are based on old data. according to Genovez & zuffo (2000) , the methods based on the relationships between heavy rainfall events of different duration have regional validity, although the average values of these relationships are very similar for several parts of the world. For local estimates, new coefficients should be established, related to the local climate characteristics. thus, the purpose of this study was to calculate the coefficients of Bell's (1969) equations considering the annual maximum rainfall for rain events of 1 hour and of 1 day for a 10 year return period for the weather stations in the state of santa catarina, Brazil. 
Material anD MethoDs
Daily graphs of meteorological stations of the Brazilian institute of Meteorology (inmet) and of an agricultural institute of research and rural extension of santa catarina (epagri) from locations listed in table 1 were used (Figure 1 ). rainfall charts were digitized and annual maximum rainfall series were determined (durations of 5, 10, 15, 20, 25, 30, 45, 50, 55, 60, 75, 90, 105, 120, 180, 240, 300, 360, 420, 480, 600, 720, 840, 960, 1080, 1200, 1320 , and 1440 min) as well as the maximum 1 day rainfall, defined as the total rainfall of one day, accumulated until 9 a.m. For each duration, rainfall values for return periods of 2, 5, 10, 20, 25, 50, and 100 years were also estimated, applying the Gumbel-chow distribution as:
( 1) where: P T -maximum precipitation with return period t (years, mm); -average of annual maximum series (mm); S -standard deviation of annual maximum series (mm); Y n -average of reduced variable; S n -standard deviation of reduced variable; and Y -reduced variable estimated by: (2) where: t is the return period (years).
coefficients of the equation used by Bell (1969) were adjusted, with the height of the estimated rainfall events, in relation to the maximum rainfall for a return period of 10 years and duration of 1 h (60 min) (p 10 60 ), as: (3) where: a, b, c, d, e -empirical coefficients; -estimated precipitation for return period t (years) and duration t (min);
-observed precipitation for a return period of 10 years and duration of 1 h (60 min).
results were compared to the estimates obtained with the coefficients used by Bell (1969) given by: (4) and the equation proposed by uehara et al. (1980) for Brazil (based on data of 26 weather stations) and são paulo with the respective mathematical expressions: (5) (6) the great majority of rainfall data is measured in pluviometers, which provide only the daily total precipitation. to enable the estimation of design rainfalls with surface runof from maximum rainfall events measured in pluviometers, the coefficients of Bell's equation were also adjusted in relation to the maximum rainfall with a return period of 10 years and duration of 1 day, given by: can be explained by the fact at that some stations extreme values of heavy rainfall with 24 h duration were measured, resulting in a lower relationship between 1 h and 24 h rainfall. the relationship between maximum rainfall of 24 h and rainfall of 1 day varied from 1.30 in porto união to 1.07 in chapecó, with a mean of 1.20. occhipinti & santos (1966) , using a data series from 1928 to 1965, of são paulo, observed a mean relationship of 1.14. Genovez & pegoraro (1998) , analyzing data of 23 rain gauges of são paulo state, obtained a minimum value of 1.03 and maximum value of 1.17, with an average value of 1.13. the environmental sanitation technology company -cetesb (1986) indicated the value of 1.14 based on data of several rainfalls of Brazil. the coefficients of the equations for each station were adjusted for the estimate of rainfall relationship for return period t and duration t, in terms of the estimated rainfall for 10 year return period and 60 min duration (p 10 60 ) (table 3) . the coefficients of the general equation for santa catarina were also adjusted considering data from all stations. the relationships between rainfall events with a 10 year return period and duration t min (p 10 t ) obtained in this study for santa catarina were compared with the global values obtained by Bell (1969) and the values proposed for Brazil and são paulo by uehara et al. (1980) (Figure 2) . the standard error values of rainfall estimates were adjusted with each equation and also standard error of estimate in relation to the values estimated by the equations with global validity for Brazil and the general equation for santa catarina as well as the equations valid for the coastal area (itajaí, Florianópolis and laguna) and for the interior (other stations) of santa catarina (table 4). using the equation adjusted for santa catarina and for 10 min rainfalls, the expression estimates rainfall around 16 % to 19 % lower than Bell's estimates, for return periods from 5 to 100 years, respectively.
where:
-estimated precipitation for a return period of 10 years and duration of 1 day. the coefficients were adjusted according to the methodology described by Back (2009) , minimizing the function s, given by: (8) where: s -sum of squared deviations between precipitation estimated by the equation 3 or 7 and the observed precipitation; t -rainfall duration, min; t -return period, years; G -estimated precipitation using the Gumbel-chow distribution for duration t and return period t.
the coefficients of equation were adjusted for each one of the weather stations and the coefficients of the general equation were also obtained covering all weather stations of santa catarina. since the results indicated different relationships, the stations of itajaí, Florianópolis and laguna were grouped in "coastal stations", for lying at a distance of less than 10 km from the atlantic ocean. the others were all grouped as "interior stations". thus, the general equations were adjusted and evaluated for the groups of the stations of the coastal area and the interior of the state.
results anD Discussion
the relationship between 1 h precipitation and 24 h precipitation (table 2) varied from 0.22 in Florianópolis and laguna to 0.45 at the station of nova itá, with an average value of 0.35. the environmental sanitation technology company (cetesB, 1986) indicates an average relationship of 0.42 for several weather stations of Brazil, which is higher than that observed for most stations of santa catarina. these differences When compared to the values adjusted for Brazil, the differences of precipitation are lower than 3 %. Genovez et al. (1994) compared five generalized iDF equations, including the ones proposed by Bell (1969) and by uehara et al. (1980) for Brazil and são paulo, with data from nine weather stations of são paulo state, and verified that the results of generalized iDF equations were similar and in general, the absolute deviations from the estimated values by the equations with the observed values were lower than 15 %, although for some stations this deviation reached 45 %. When adjusting the equations for each weather station, a reduction of the standard error of estimate higher than 50 % was observed at most stations. the data (table 4) confirm that the establishment of local equations results in more accurate rainfall estimates than the regional or global equations. on the other hand, despite the differences between the values of rainfall relationships, the behavior pattern is similar (Figure 2 ). in figure 3 there are the relationships between rainfall of duration t min and 10 year return period with rainfall p 10 60 , where a differentiated behavior between the stations is observed. For durations up to 60 min the obtained coefficients for the stations of itajaí, Florianópolis and laguna estimate lower relationships than the ones obtained for the other stations and for durations higher than 60 min. those stations measured values higher than the other ones (Figure 3a) . For 10 year return period and 10 min rainfalls, the relationships vary from 0.31 in Florianópolis to 0.49 in porto união. For 120 min rainfalls the relationships vary from 1.58 in Florianópolis to 1.20 in urussanga. For rainfalls longer than 120 min the highest relationships were obtained for the stations of Florianópolis and itajaí with differences above 30 % of the average value obtained for santa catarina (Figure 3b ). these variations can be caused by the fact that some stations measure extreme values of heavy rainfall for 24 h duration, resulting in a lower relationship between 1 h rainfall and 24 h rainfall, as observed for the stations of itajaí and Florianópolis (table 2) . the coefficients adjusted for rainfall with a 10 year return period and 1 day duration (p 10 1day ) (table 5) . as the values of standard error of estimate and coefficients r 2 obtained were equivalent to those obtained in table 3, it was observed that the coefficients of the equation presented in table 5 can be used in locations where only information of rainfall for 1 day duration is available. these adjusted equations have practical application for estimates of heavy rainfall of short duration in locations where there are only data of daily rainfall observed with rain gauges. Bell (1969) and differences below 3 % of the relationships indicated by uehara et al. (1980) for Brazil.
2. equations of itajaí, Florianópolis and laguna located in the coastal area of santa catarina present 
